


� ���N!I��	��N! ��� ����	�� � ����� � 	�� �,��� � ���k� � 	��N!$��� ! �
	 
���
������

� .-FQSqFME�FM09Z<F�l

� ?�/ @�@ICBFME&={r /10�� = r ADC�0;C =��gF�� C :
� r AME 09Fg@ @ /M:X=xr 24/ @f:<09F :]:

� ?�FN@�@�yMC / @ /;uM5
� � �"! #%$�& FDH y;E 5X/ FMLMCB\aFME H A @ Z<Fg@ @�\ C('�FME�FM0XO^C A�OYC /10
) n�0;ChO^C A�@ @f5 79/�H /;uWFM09F</�VX: LM/1LaVD@BA�OYCB/�0
) * H FMEPuaFM09Z,F /gS Z9C @IC AXO"F<\ Z,FN@�@
r F,ZM7NAa0MCh:<H /gS'Z,FN@�@WS A�O�F \aF<Z Ch:QCB/�0
) JKFN@fO]A,|Qwx/;O"ZM7 :QChu*0NA @IC�0Xu L A�OQ7+� A 5
) JKFN@fO]A AW0+\ wx/;O"ZM7>l OQE Aa0X:<H FMH y;E Aa09F L;Ec/MO�F C
0X:

, JKFg@ O`A L;E�/�H /;O"F[: Z9C @IC AXO^C /�0
, w'/;O"ZM7 C�0a7;C�yMChO : Z C @IC A�OYC /10

-/.1032547698;:=<?>A@CBEDGFIHJ6LK?MN4PO3QSRUT;MG6AR16LVWMXO�Y[Z]\^FG_`F5acbd@Ge5TSK9T347f;6L4[ghQ34jiA.kR1.1T;lP6mV�iA6AR1Ron5476LiA2N47p7Q34qp



� �U#���� � �&��� �-� �N!
�a�

T{:`:<VaH LXO^C /10X:Xl

� n�0,O"FME�Z<Fg@ @$V @BA;E%JKFN@fO]A,| w'/;O"ZM7 : C uv0NA @IC�0Xu / Z<ZMVaEP:%/10D@ 5
OQ7aE�/�VXu*7 \ C�E�F<Z O Z</10,O`A9Z O

� wx/MO�ZD7 LgE�/ \*V9Z[O^CB/�0>l'OQE Chu uaFDEcF,\ /10 @ 5 y 5 7MChu*7 J{Fg@fO]A
Z</109Z<FM0XO EsA�OYCB/�0X: C�0 09F C uv7ayM/>E C�0Xu Z,FN@�@f:

� JKFN@fO]A L;Ec/ \*V+Z OYCB/�0>l'O E Chu uWFME�F<\ /�0 @ 5 y 5 @ / � wx/MO�ZD7
Z</109Z<FM0XO EsA�OYCB/�0 C
0 : AWH F Z<Fg@�@

� j�/;O 7 L;Ec/MO�F C
0X: \aF<Z�A 5 AXO Z</10X:]O]AW0XO E AXO"F[:
t @ AW0NA;E Z<Fg@�@�AME EsAQ5

i, j

i - 1, j i - 1, j + 1

i, j + 1

i + 1, ji + 1, j - 1

i, j - 1

Hexagonal close-packed lattice

-/.10325476 � :�� T3MN6LRk.�� 0 pqi�� 6LKS6 ghQ34jiA6AR1R1p .��Wl��[Q
	 V .UKS6��5p7.1Q��5T;R T3474qT O p



� � ���"!
# ()�*�+�,�-� � �U#����

* A ZM7 Z,FN@�@�l � | H / \aF 7<5 ygE CB\ AaVXO"/�H AXO"/�0

� } :]O]A�O�F eMAME C AWyD@ F :
��� l%JKFN@fO`A Z</109Z<FM0XO EsA�OYCB/�0
��� l�w'/;O"ZM7 Z</109Z<FM0XO EsA�OYCB/�0

� n�0 LaVXO :
� � � � � �
� � � �
	�
��� �

��
� G'EsAW0X:QChOYCB/�0 E�FN@BA�OYCB/�0X:

��� � ��� l�JKFg@ O`A L;E�/ \*V9Z[OYCB/10 Ch: /�0>=�/;O 79FME5� Ch:YF / '
� � � � � l%wx/;O"ZM7 L;E�/ \*V9Z[OYCB/10 Ch: /�0>=�/;O 79FME5� Ch:YF / '

����������������
���� �"!#�$�%���&�'�

������(!��)�%�������
���� �"!#�$�%���&�'�

*,+
����-�"!��)�%�������
��'�-�������&�'�

*/.

*/0
����-�1���������
��'�-�������&�'�

*32

-/.k0X254P654N:76 O M547.1VWpPO p7lP6mK%KSQ V 6AR Q;g .��5V .98I.1V52NT RoiA6AR1R



� � ���"!
# ()�*�+�,�-� � �U#����

w�|4Z<FN@�@ 09F[O=�8/>E[�
?�/�H LD/;:^F w 7<5 y;E CB\ AWVXO�/�H A�O]A
tkE�/�LDFMEPOYCBF[: /gS EcF :<V @fO]AW0,O :�59:]O�FDH l
) � � \ Ch:YZDEcF O�F :]O`AXO"F[:
)���� Z</10XOYC�0aV+/1VX: :]O`AXO"F e;AME C AWy @ F[:

����	�

�	
���

����
�

�	
���

����	�

�	
���

� �� �

� 
� �

� �� �

� 
� �

� �� �

� 
� �

�
��
�

� 
� �

����
�

� 
� �

����	�

� 
� �

-/.k0X25476��G:�� 	]i`6LRkR � 6Ll��[QX47f

_ C
H V @BAXO^CB/�0

� wx/>E H A�@�@ 5 \ Ch:]OQE C�yaV,O"F<\ C�0MChOYCIA�@vZ</�09\ ChOYCB/�0X:
� d80;CfSq/WE H yD/�Va09\>A;E 5 Z,/�09\ C O^CB/�0X: AX:`:<VaH C�0Xu
Va09\ C('�FDEcFD0,O^C AXO"F<\ Z,FN@�@f: /�0 LDFDE C�H F[O"FME

� ?�/�V @ \ A @f:Y/ VX:YF LDFME CB/ \ CBZ yD/�Va09\>A;E 5 Z</109\ ChO^C /10X:
A�:]:<VaH C
0Xu \ C]'�FDEcFD0XOYC AXO"F<\ Z,FN@�@f: /10 LMFDE C�H F[O"FME



(8! � ���$	��N!
��� � �a� � � � �

* H FDE�uWFM0XO � : A�@fO%Aa09\ LDFDL LDFDE�� LNAXO4O�FME 0X:
jkCh:]O]AWy @hF Z,FN@�@1AaVXO"/�H AXO"/�0

* A9ZD7 Z<Fg@ @�F egFM0XOQVNA�@ @ 5 L;E�/ \*V9Z<F[:�F9ChOQ79FDE w'/;O�ZD7 /WE
JKFN@fO]A =)y VXO 09/;O yD/;O 7

tmA�O O�FDE 0 Ch: :YFM0X:QChO^C egF O�/*l
) _ � C O"ZM7MC�0Xu O 7 E�F[:,7+/ @ \D: � � AW09\ � �
) n�0;ChO^C A�@*Z</�09\ ChOYCB/�0 \ Ch:]OQE C�y VXO^C /�0X:

Differentiated Cell 

Undifferentiated Cells 

-/.10325476�� : ���	� �
� iA6AR1RoT;4q47T O p � Q �j.�� 0SnNT lPl76L4 ��ghQ34qKST;lP.1Q�����
 6mV i`6AR1RUpjT;476JiA.kR1.UT lP6mV��

� n 0XO�FDEcF :]OYC�0Xu E�F[:<V @fO[l L A�O O"FME 0X: FDH FMEPuaF � E�:`O A�O�OQ79F
yM/1Va0+\>AME 5 Aa09\ O 7+FD0 H /NegF C�0+� AME�\D: OYC @�@�:]O"FXA \M5 :]O`AXO"F



(8! � ���$	��N!
��� � �a� � � � �

� * '�F,Z[O�/NS eMA;E C AXO^CB/�0 C�0 :J� ChO"ZM7MC�0,u OQ7aE�F[:<79/ @ \ :

-/.k0X254P6 � : � ��� i`6LRkR T3474qT O �j.kl � � .10������

- .1032N4P6��I: � ��� i`6AR1RoT3474qT O �j.kl � �5.k0 �����

� n E EcF u*V @BA;E ChOi5 l�\ C('�FME�FM0XOYC A�O�F<\ Z,FN@�@f: A \Q2�A9Z,FM0XO O�/ FXA ZM7 /MOQ79FME



� � � �%���P� � � �-�"!$# � ���,��� 	��,�'� � � �4	�����!��N!
���

 ! 	�� �4	��

1 2 3

5 6 7 8

9 10 11 12

14 15 16

4

13

-/.k0X25476��N:�� 4qT
�5p7.kl7.kQ � V .UT 0X47T3K � � Q;l76;:��P8
	=lq47T��5p7.kl7.kQ �5p . � 476LV .��5V .UiAT;lP6 nGQ3pqpP.UM R16JiAO i`R1.1i p72NM 034qT;n � Rk6mT;V .�� 09lPQ9T��C6��5QSp7l7T;lP6;e
� � 	 �I25K?MG6L4qpJ8;e�
�
�
 e18 � . �Wl � 6��N032N4P6 V 6 � Q;l76JKSQ V 6mp����
��
�
�
��������J. ��l � 6 �XO M547.1V T32 lPQXKST;lPQ �



� �W�N��	-� ��� � �
	��

� J{F :QChu*0 A � H / \aFN@ ZD7+F,Z � FDE�� Sb/WE8y;CB/ @h/Mu CBZXA�@�Z,FN@�@�09F[O � /WE �[:

� OQ79F Z</>EcF Z,/�0XOYC�0aV9/�VX:�\M5 0NAaH CBZ[: AMEcF @IC�09FXAME � \ C A�ua/10NA @��
:�59:]O"FMH :

� OQ79F \ Ch:YZME�F[O"F \M5>0NAWH C Z : AME�F AaLaL;Ec/��aC
H A�O�F,\ � yD/�Va09\aF<\��
y 5 LMCBF<Z,F�� C :^F @IC�0+F�A;E : � ChO�ZD79F[:

� Z</1H LD@ F	� SbF<F,\*y A Z � @ / /�L :`OQE V+Z OQVaE�F
� 
 5 y;E CB\ :�59:]O�FDH : AW0 A�@ 59:QCh: A�@ @ / � :Xl

� Z</10XOYC�0aV+/1VX:�\M5 0NAaH CBZ[: � H A�2 /WE C Ob5 /gS{Z</�H LaVXO]A�OYCB/�0 O^C
H F��
O�/ yDF � AWyX:]OQE A9Z O�F,\ � C�0 A H A�OQ79FMH A�OYCBZXA�@�@ 5 Z</>E E�F<Z O � AQ5

� A \aF<FDLMFDE�Va0+\aFDE�:]O`Aa09\ C�0Xu /NS � ��
�
 � ����� !���� �S��������� !��

� F � Z9CBFM0XO :QC�H V @ A�OYCB/10 �&O�/ L;EcF,\ C Z O yMCB/ @ /;u�CBZXA�@ yDFM7NA<e�CB/WE!�
� LD/;:]: C
y @ F \aF :QChu*0 /gS Z</�0XO Ec/ @�H F<ZD7NAa0MCh:<H :


